During moonlit nights, observations with ground-based Cherenkov telescopes at very high energies (VHE, E > 100 GeV) are constrained since the photomultiplier tubes (PMTs) in the telescope camera are extremely sensitive to the background moonlight. Observations with the VERITAS telescopes in the standard configuration are performed only with a moon illumination less than 35% of full moon. Since 2012, the VERITAS collaboration has implemented a new observing mode under bright moonlight, by either reducing the voltage applied to the PMTs (reduced-high-voltage configuration, RHV), or by utilizing UV-transparent filters. While these operating modes result in lower sensitivity and increased energy thresholds, the extension of the available observing time is useful for monitoring variable sources such as blazars and sources requiring spectral measurements at the highest energies. In this paper we report the detection of γ-ray flaring activity from the BL Lac object 1ES 1727+502 during RHV observations. This detection represents the first evidence of VHE variability from this blazar. The integral flux is (1.1 ± 0.2) × 10 −11 cm −2 s −1 above 250 GeV, which is about five times higher than the low-flux state. The detection triggered additional VERITAS observations during standard dark-time. Multiwavelength observations with the FLWO 48" telescope, and the Swift and Fermi satellites are presented and used to produce the first spectral energy distribution (SED) of this object during γ-ray flaring activity. The SED is then fitted with a standard synchrotron-self-Compton model, placing constraints on the properties of the emitting region and of the acceleration mechanism at the origin of the relativistic particle population in the jet.
INTRODUCTION
Blazars are a class of radio-loud active galactic nuclei (AGN) characterized by a broadband nonthermal continuum from radio to γ-rays, extreme variability and a high degree of polarization. In the framework of the unified AGN model (see e.g. Urry & Padovani 1995) they are considered AGN whose relativistic jet is aligned with the line of sight. The blazar spectral energy distribution (SED) is thus dominated by the emission from the jet, enhanced by relativistic effects. In the γ-ray sky, blazars are the dominant AGN class, representing 97% of the Fermi-LAT AGN (between 100 MeV and 100 GeV, Ackermann et al. 2011) , and > 90% of extragalactic sources detected at very high energies (VHE; E > 100 GeV) by ground-based imaging atmospheric-Cherenkov telescopes (IACTs) 1 .
The blazar class is composed of two subclasses, flatspectrum radio quasars (FSRQ) and BL Lacertae objects, depending on the presence (in the former) or absence (in the latter) of emission lines in their optical/UV spectrum (the threshold between the two subclasses is an emission line equivalent width of 0.5 nm, see e.g. Angel & Stockman 1980) . The two subclasses are also characterized by different luminosity and redshift distributions. The FSRQs are on average brighter and more distant than BL Lac objects (see e.g. Padovani 1992 ). This dichotomy in the blazar class reflects the dichotomy observed in the radio-galaxy population: FSRQs are considered the blazar version of the Fanaroff-Riley II (FR II, Fanaroff & Riley 1974) radio-galaxies, while BL Lac objects are believed to represent the blazar version of FR I. The two subclasses share the same SED shape: a broadband continuum from radio to gamma-rays, composed of two separate bumps, peaking in IR-to-X-rays and MeV-to-TeV, respectively. While FSRQs are generally characterized by a lower frequency of the first peak, BL Lac objects show a variety of peak frequencies, and are further classified (see e.g. Padovani & Giommi 1995) into low-frequency-peaked BL Lacs (LBL, with ν peak in infrared) and high-frequencypeaked BL Lacs (HBL, with ν peak in UV and beyond). When ν peak is located in the optical/UV the object is often classified as an intermediate-frequency-peaked BL Lac (IBL).
The position of the second peak is related to the position of the first one, as shown by observations in the MeV-GeV energy band with Fermi-LAT. While FSRQs and LBLs present a peak at MeV/GeV, HBLs show a γ-ray component peaking at higher energies, often above the Fermi-LAT energy band (Abdo et al. 2010b) . Fossati et al. (1998) proposed the existence of an anti-correlation between the blazar luminosity and ν peak (the so-called blazar sequence), although there is not a general consensus on this point. More recently Meyer et al. (2011) extended this sequence into a more general "blazar envelope". The subclass of HBLs, even though the least luminous among the other blazar subclasses, is the brightest one at VHE, and the majority of VHE blazars 27 Argonne National Laboratory, 9700 S. Cass Avenue, Argonne, IL 60439, USA Send off-print requests to: Matteo Cerruti (matteo.cerruti@cfa.harvard.edu) and Sean Griffin (griffins@physics.mcgill.ca) are indeed HBLs (see e.g. Şentürk et al. 2013 , for a recent review).
The study of VHE blazars is complicated by two observational characteristics of blazars themselves: their broadband emission and their rapid variability. A VHE detection on its own, sampling only a small part of the nonthermal continuum, does not provide sufficient information about the underlying blazar physics. Rather, strictly simultaneous multiwavelength (MWL) campaigns are required to constrain the blazar SED. The launch of the Fermi satellite and its monitoring capabilities have had a large impact on blazar physics, providing for the first time long-term light curves of hundreds of blazars in γ-rays, and assuring simultaneous observations of VHE blazars in the MeV/GeV energy band.
Observations by IACTs are limited by the high sensitivity of the camera photomultiplier tubes (PMTs), which in their standard configuration experience higher noise, higher current level, and accelerated aging when operated in bright moonlight conditions (moon illumination ≥ 35% of full moon). This constraint particularly affects blazar studies, for example, limiting the organization of MWL campaigns, or prohibiting follow-up observations of a flare. Several experiments have successfully performed observations of Cherenkov light under bright moonlight conditions (Weekes et al. 1986; Chantell et al. 1995 Chantell et al. , 1997 Pomarède et al. 2001; Kranich et al. 2001; Tonello et al. 2003) . Of the current generation of IACTs, only MAGIC and VERITAS (see Albert et al. 2007; Rico et al. 2008; Britzger et al. 2009 ) observe under moderate moonlight (< 35% moon illumination) which significantly improves the duty cycle of the observatories. FACT, whose camera is composed of solid-state Geiger-mode avalanche photodiodes (also called silicon-photomultipliers), instead of PMTs (Anderhub et al. 2013) , is also capable of observing under moonlight.
In 2012, the VERITAS collaboration began a new program of observing under bright moonlight, by applying reduced high voltage (RHV) to lower the PMT gain, or by utilizing UV-transparent filters. The Schott Glass UG-11 filters' bandpass is from 275 nm to 375 nm, reducing moonlight by a factor of ten and Cherenkov radiation by a factor of three. The details of the observing strategy have been presented at several conferences (Dumm et al. 2013; Staszak et al. 2014) and will be discussed in an upcoming VERITAS publication (2015, in preparation) . In this paper, we concentrate on the capabilities of the VERITAS telescope array in the RHV configuration. We also present the detection, during May 2013, of VHE emission from the blazar 1ES 1727+502 at a flux of roughly five times the archival VHE flux measured by MAGIC (Aleksić et al. 2014) . The high-flux state was initially detected during bright moonlight observations, which represents an innovation for VERITAS.
The blazar 1ES 1727+502 (from the Einstein Slew Survey Catalog, Elvis et al. 1992) , also known as I Zw 187 or OT 546, is a nearby (z = 0.055, Oke 1978) HBL, discovered as a γ-ray source by Fermi (Abdo et al. 2010a) , and as a VHE source by MAGIC (Aleksić et al. 2014) . Radio observations show a compact core-jet morphology (Laurent-Muehleisen et al. 1993; Kollgaard et al. 1996; Pushkarev & Kovalev 2012) , typical of blazars, with an apparent jet opening angle of 11
• (Linford et al. 2012 ). Past optical monitoring shows only moderate variability (Pica et al. 1988; Fiorucci & Tosti 1996) and the presence of a weak 300 nm bump (Bregman et al. 1982) , quite unusual in BL Lac objects. Prior to being detected by MAGIC as a VHE source, 1ES 1727+502 was observed by both HEGRA (Aharonian et al. 2004 ) and the WHIPPLE 10-m telescope (Horan et al. 2004) , with no detection. 2 The MAGIC collaboration reported an integral flux of (5.5 ± 1.4) × 10 −12 cm −2 s −1 above 150 GeV (corresponding to (2.1 ± 0.4)% of the Crab Nebula flux 3 ) and a spectral index of 2.7 ± 0.5 (see Aleksić et al. 2014 ). This paper is organized as follows: in Section 2 we describe the capabilities of the VERITAS instrument in the RHV configuration; in Section 3 we describe the VERITAS observations of 1ES 1727+502, in both RHV and standard configurations; the details of the MWL campaign triggered by the detection of the high-flux state are reported in Section 4; in Section 5 we model the SED using a standard one-zone synchrotron-self-Compton model, and in Section 6 we discuss the results obtained from the MWL campaign.
VERITAS INSTRUMENT
VERITAS is an array of four imaging atmospheric Cherenkov telescopes located at the Whipple Observatory in southern Arizona (31°40'N, 110°57'W) at an altitude of 1.3 km above sea level. Each telescope is of Davies-Cotton design (Davies & Cotton 1957 ) with a 12-m diameter reflector, and the array is arranged in a diamond configuration with ∼ 100 m to a side. Each reflector comprises 345 identical hexagonal mirror facets and has a collection area of 110 m 2 .
Each VERITAS telescope is instrumented with a camera made up of 499 PMTs each with a 0.15°field of view (FoV), for a total FoV diameter of 3.5°. The PMT signals are digitized by 500 megasamples-per-second flash analog-to-digital converters (FADCs). VERITAS employs a 3-level trigger system (Weinstein 2008; Zitzer 2013) and has an array trigger rate of ∼ 450 Hz.
VERITAS has an energy resolution of 15%, and a singleevent angular resolution of 0.1°at 1 TeV. During standard observations (i.e. when the moon is < 35% illuminated) a source with an integrated flux of 1% of the Crab Nebula flux can be detected at the 5σ level in ∼ 25 hours, and a 5% Crab source in less than 2 hours. More information on the VERITAS array can be found in Holder et al. (2006 Holder et al. ( , 2011 and Kieda et al. (2013) .
In the RHV observation mode, the PMT voltages are reduced to 81% of their standard values during dark-sky observations, allowing VERITAS to operate when the moon is 35-65% illuminated. This reduces the absolute gain of each PMT by a factor of ∼ 3.2. Observing in RHV mode increases the yearly exposure of VERITAS by ∼ 13% above 250 GeV. For RHV data, systematic errors induced by uncertainty in the atmosphere, telescope optical point spread function, and mirror reflectivity are the same as 2 A flux upper limit of 8.6% (9%) Crab Nebula units above 300 (940) GeV was measured by Whipple (Hegra).
3 Based on the MAGIC measurement of the Crab Nebula (Albert et al. 2008) those for standard data. In terms of sensitivity, a standard analysis of VERITAS observations of the Crab Nebula taken under dark skies at small zenith angles yields a sensitivity of ∼ 35σ/ √ hr and an analysis energy threshold of ∼ 170 GeV. In comparison, Crab data taken in RHV mode under moonlight also have a sensitivity ∼ 35σ/ √ hr albeit with a higher energy threshold (∼ 200 GeV) . These values assume a Crab-like spectral index. Note that VERITAS event-selection cuts are optimized for sensitivity and not energy threshold. The cuts used in this RHV analysis would allow for a 5% Crab source to be detected in less than 2 hours.
VERITAS OBSERVATIONS OF 1ES 1727+502
The VERITAS observations that allowed for the detection of 1ES 1727+502 were taken between May 1, 2013 (MJD 56413) and May 7, 2013 (MJD 56419). There were additional data taken on May 18, 2013 (MJD 56430) that did not result in a detection. After quality selection, approximately 6 hours of data remain. Of these, 3 hours were taken in RHV mode on the first two nights of the exposure. All observations were made in "wobble" mode, wherein the telescopes were pointed 0.5°away from the target to allow simultaneous measurements of the target and background regions (Fomin et al. 1994) , and all data in the 2013 dataset were taken at elevations between 65
• and 70
• .
Two sets of gamma-hadron separation cuts, each optimized a priori on data taken on the Crab Nebula where the gammaray excess has been scaled down to 5%, were used in the analysis of the 2013 dataset. For the standard-voltage subset, only events with images in three or more telescopes were used, whereas in the RHV data subset two-telescope events were used and a smaller cut was made on the brightness of the shower images to account for the fact that the camera gain was reduced. The motivation for using these two sets of cuts is to approximately match the energy threshold of the analyses, resulting in a threshold of ∼ 220 GeV for both the RHV and standard voltage datasets.
The analysis of the complete 2013 dataset used the "reflected-region" background model (Aharonian et al. 2001) resulting in 159 ON events and 850 OFF events with a background normalization factor α of 0.077, yielding a detection significance of 9.3σ (Li & Ma 1983, Eq. 17) and an average gamma-ray-like event rate of 0.25 ± 0.04 counts/minute with a background event rate of 0.18 ± 0.02 counts/minute.
Prior to the detection of 1ES 1727+502, VERITAS observed the object for 8.6 hours between 2007 and 2009. There was no detection in these data; the upper limit (99% confidence level) is 2.6 × 10 −12 cm −2 s −1 (2.5% Crab) above 350 GeV assuming the spectral index from Aleksić et al. (2014) . This is consistent with the blazar's low-flux state as detected by MAGIC in Aleksić et al. (2014 Ma et al. (1998) . The VERITAS catalog name for this source is VER J1728+502. The excess seen from the target is consistent with a point source. (Aleksić et al. 2014) . Note that the first upper limit is below the extrapolation of the fit. This may be indicative of a cutoff, however, the number of events in this bin is low (1 ON and 2 OFF events with α = 0.08 at 2 TeV), thus, it is also possible that this is simply a downward statistical fluctuation.
The reconstructed VHE spectrum is shown in Fig. 1 . In the same figure we show data points corrected for absorption by extragalactic background light (EBL) using the model in Franceschini et al. (2008) (for z=0.055). Both are well fitted with a power-law function between 0.25 TeV and 1.6 TeV; the χ 2 /NDF for the observed and EBL-corrected spectra are 1.66/2 (P ∼ 44%) and 1.69/2 (P ∼ 43%), respectively. The observed spectrum is given by
and the EBL-corrected (intrinsic) spectrum is given by
All errors in the aforementioned fits are statistical. The cumulative systematic errors on the flux normalizations and spectral indices are conservatively estimated to be 30% and ±0.3, respectively. This is 50% larger than the standard VER-ITAS systematic uncertainties. The increase does not have a significant impact on the following discussion; a detailed discussion of systematic uncertainties during moonlight observations will be discussed in the VERITAS moonlight paper (2015, in preparation) . The numerical values for the spectral points are given in Table 1 .
The light curve for the VERITAS observations is shown in the top panel of Fig. 2 . The peak integrated flux above 250 GeV is (1.6 ± 0.4) × 10 −11 cm −2 s −1 , which corresponds to 9.5% of the Crab Nebula flux. 4 The upper limit is at the 95% confidence level and represents 9.4 × 10 −12 cm −2 s −1
(5.6% Crab). The light curve between May 01 and May 07 (MJD 56413-56419) can be fitted with a constant resulting in a flux of (1.1 ± 0.2) × 10 −11 cm −2 s −1 (6.3% Crab) and a χ 2 /NDF = 4.73/3 (P ∼ 19%).
The integral flux above 250 GeV corresponds to about five times the flux measured by MAGIC, and represents the first evidence of VHE variability in 1ES 1727+502. The VERITAS observations between May 01 and May 07 are consistent with 4 Based on the power law in Hillas et al. (1998) extrapolated to 250 GeV. a constant flux. However, when including the measurement on May 18 in the fit, the resulting χ 2 /NDF is 12.0/4 (P ∼ 1.8%). Thus, a constant flux is excluded at the 2.4σ level, indicating that the flare may have ended at some point after the last VERITAS detection on May 07.
MULTIWAVELENGTH OBSERVATIONS OF
1ES 1727+502 4.1. Fermi-LAT The blazar 1ES 1727+502 was first detected as a γ-ray source by Fermi-LAT (Abdo et al. 2009 ), and included in both the first and the second Fermi catalogs (Abdo et al. 2010a; Nolan et al. 2012 ). In the latter, it is named 2FGL J1728.2+5015 and is detected with a significance of 9.0σ. Its spectrum is parametrized by a power-law function with index Γ 2FGL = 1.83 ± 0.13 and differential flux Φ 2FGL = (9.5 ± 1.6) × 10 −14 cm −2 s −1 MeV −1 , estimated at the decorrelation energy E 0;2FGL = 2935 MeV. The source has also been included in the catalog of hard Fermi-LAT sources (1FHL, Ackermann et al. 2013) , with the name 1FHL J1728.3+5014 and an estimated power-law index between 10 GeV and 500 GeV of Γ 1FHL = 1.67 ± 0.34, consistent with the 2FGL result. There is no evidence of curvature in its Fermi-LAT spectrum above 10 GeV.
A new analysis of the Fermi-LAT Pass7 (see Ackermann et al. 2012 ) data has been performed using version v9r32p5 of the ScienceTools 5 . Only photons passing the SOURCE class filter and located within a square region of side length 40
• centered on 1ES 1727+502 were selected. We used photons with energies from 100 MeV to 300 GeV and included observations from August 4, 2008 (the beginning of the Fermi mission) to August 1, 2013. Following the prescriptions of the Fermi-LAT Collaboration, 6 the analysis was performed using the binned likelihood method, and the P7REP_SOURCE_V15 instrumental response function. Data were filtered considering only zenith angles lower than 100
• and rocking angles lower than 52
• . The Galactic diffuse component and the isotropic background were modeled using the templates provided by the Fermi team, namely gll_iem_v05.fits and iso_source_v05.txt. The likelihood analysis was performed using gtlike and all the 2FGL sources present in the region of interest were included in the model, using the script make2FGLxml.py.
7 For every source the spectral function (log parabola or power law) used in the 2FGL catalog was adopted, with parameters free to vary. The model also included sources outside the region of interest, up to a distance of 35
• , with spectral parameters frozen to the 2FGL values. The normalizations of the models for the Galactic diffuse component and the isotropic background were left free to vary during the fit.
Using this dataset, 1ES 1727+502 was detected with a teststatistic (as defined in Abdo et al. 2010a ) of 219, corresponding to a significance of ∼ 14σ. Its emission is parametrized by a power-law function with index Γ 0.1−300GeV = 1.91 ± 0.08 and differential flux Φ 0.1−300GeV = (2.1 ± 0.2) × 10
, estimated at the decorrelation energy E 0;0.1−300GeV = 2136 MeV, consistent with the 2FGL result. The presence of curvature in the spectrum was tested by replacing the power-law model with a log-parabolic one: the value of the curvature parameter β is consistent with zero, supporting the power-law assumption. In the residual map there is no evidence of additional sources besides the ones included in the 2FGL catalog. Spectral points were computed for five different spectral bins, using the python scripts prepared by the Fermi-LAT Collaboration, 8 assuming a fixed spectral index Γ 0.1−300GeV = 1.91. If the significance is lower than 5σ, 95% upper limits are provided. The bow-tie of the best-fit Fermi measurement, as well as the spectral data, are plotted in Fig. 3 .
The 2FGL catalog reports a variability index of 18 (see Nolan et al. 2012 , for details), indicating a lack of variability. A test for variability in the MeV-GeV band has been performed using aperture photometry: only photons detected in a 1
• -radius region around the blazar have been considered, and count-rate light curves have been produced using gtbin with time bins of one day, one week, one month and three months. All four light curves are consistent with a constant flux.
A second, unbinned, analysis was performed in order to produce a measurement in the GeV energy band spanning the same interval as VERITAS observations. Only Fermi-LAT observations taken between May 1 and May 7, 2013 (MJD 56413 and 56419), inclusive, are considered. In this case the region of interest is a circle of 20
• radius centered on 1ES 1727+502. The model includes all the sources used in the binned analysis of five years of Fermi-LAT data, with spectral parameters frozen if the source is outside the region of interest. 1ES 1727+502 is not detected by Fermi-LAT in this very short period and only upper limits on its GeV emission can be computed. They are estimated at the 95% confidence level for three different energy bands (0.1-1; 1-10 and 10-300 GeV), and are plotted in Fig. 3. 
Swift-XRT
The detection of the high-flux state at VHE by VERITAS triggered X-ray and UV observations by the Swift satellite (Gehrels et al. 2005) , which observed 1ES 1727+502 on May 7 and May 8, 2013 (MJD 56419 and 56420) for a total live time of 6.8 ks. The X-Ray Telescope (XRT, Burrows et al. 2005) performed observations in windowed-timing mode, where only the 200 central columns of the detector are read, improving the time resolution of the instrument (see Cusumano et al. 2012) . The data analysis is performed using HEASoft (version 6.13). Cleaned event files are produced using default screening criteria. Images, light curves, and spectra are extracted (using XSelect, version 2.4b) from a box with height equal to 10 bins and length equal to 40 bins for both the source and the background region.
The XRT light curve above 0.3 keV (in counts per second), corrected for the exposure 9 and for background, is shown in Fig. 2 . No significant variability is detected within a single observation, nor between the two observations: a fit of the light curve with a constant function yields a χ 2 /NDF value of 714/682 (chance probability of 19%), consistent with the flux being steady (within the statistical uncertainties). The mean count rate is 0.83 ± 0.12 counts per second. The rate is low enough to avoid any significant pile-up effect in the detector. The data shown in Fig. 2 have been rebinned for plotting purposes.
The spectral analysis is performed using XSpec (version 12.8.0). Given the lack of variability, and in order to improve the statistics, the data are summed (using mathpha) and rebinned (using grppha) assuming a minimum of 50 counts php per bin. The response files provided by the Swift science team are used, while the ancillary response files are computed using xrtmkarf. Data below 0.3 keV are excluded, and the last significant spectral bin extends up to 8 keV.
The first spectral model tested is a simple absorbed power law 10 . The neutral absorption is fixed to the Galactic value N H = 2.75 × 10 20 cm −2 , as measured by Dickey & Lockman (1990) 11 . The best-fit result is Γ = 2.22 ± 0.04, with a normalization factor C = (4.9 ± 0.1) × 10 −3 cm −2 s −1 keV −1 , estimated at 1 keV. However, the χ 2 /NDF is 108/86, and significant residuals are seen above 5 keV. The fit is significantly improved (F-test probability equal to 8 × 10 −5 ) if a break is added to the model, considering an absorbed broken-power-law function. The best-fit parameter values are Γ 1 = 2.01 The observed spectral break could be intrinsic or due to an underestimation of the neutral absorption: in particular, additional absorption due to the blazar host galaxy should be studied (for a detailed analysis of this effect see Perlman et al. 2005; Furniss et al. 2013 ). This hypothesis is tested by fitting the data with an absorbed power-law function, letting the value of N H to vary. The amount of absorption required to mimic the break is N H = (6.5 +2.0 −1.7 ) × 10 20 cm −2 , which is about 2.4 times the Galactic absorption estimated by Dickey & Lockman (1990) . The χ 2 /NDF value of this fit is however only 95/85 (chance probability of 0.21; the F-test probability between this model and the broken-power-law fit is equal to 4 × 10 −3 ), suggesting that the intrinsic origin of the break is preferred. The spectrum shown in Fig. 3 is the one computed assuming a broken-power-law function, corrected for the Galactic absorption from Dickey & Lockman (1990) .
Swift-XRT also observed 1ES 1727+502 during 2010
12 and those observations were analyzed by both Massaro et al. (2011) and Aleksić et al. (2014) . The count rate during these previous observations is lower (around 0.6 counts per second, 73% of the 2013 rate), suggesting that the VHE high-flux state seen by VERITAS was associated with a higher-flux X-ray state. While Aleksić et al. (2014) performed a simple power-law fit, Massaro et al. (2011) confirmed the deviation from a power law, successfully fitting the Swift-XRT data with a log-parabolic function.
Swift-UVOT
The UVOT telescope (Roming et al. 2005 ), on board the Swift satellite, observed 1ES 1727+502 at optical and ultraviolet wavelengths, simultaneously with XRT. All measurements were performed using the six available filters: V and B in the optical, and U, UVW1, UVM2 and UVW2 in the ultraviolet. A circular aperture with radius 5" is used for the source, while the background is estimated from a larger region with radius 15". The flux is estimated using uvotmaghist (version 1.1). As in the X-ray observations, no variability was detected either within or between the two UVOT observations. The Galactic extinction is taken into account assuming E B−V = 0.037, a value consistent with the N H value used for the X-ray analysis (Jenkins & Savage 1974) . Schlafly & Finkbeiner (2011) estimated a similar value of E B−V = 0.026. Assuming E B−V = 0.026 instead of 0.037 affects the flux estimations by between 3% and 9%: this additional systematic uncertainty is included in the UVOT error bars plotted in Fig. 3 . The correction factor for each filter is computed following Roming et al. (2009) .
In infrared and optical light, the SED of 1ES 1727+502 is dominated by the host galaxy, a giant elliptical well-studied in the past Urry et al. 2000; Nilsson et al. 2003) . For the purpose of subtracting the host-galaxy contamination, we made use of the recent results from Nilsson et al. (2007) , who estimate a contaminating flux of 1.01 ± 0.06 mJy in the R band, for an aperture radius of 5". This contribution is then translated into a correction in the V, B and U filters following Hyvönen et al. (2007) . An uncertainty in the host-galaxy color of 0.1 is considered, and included in the final error bars of the UVOT spectral points. For the remaining UVOT filters we assume that the host-galaxy contribution is negligible compared to the AGN.
FLWO 48"
As part of a long-term optical program of monitoring of VHE blazars, 1ES 1727+502 is regularly observed by the automatic FLWO 48" telescope, located near the VERITAS site. 13 The instrument, a reflector of 1.2-m diameter, can perform measurements using the standard Cousins and SDSS filters. The analysis uses an aperture radius of 10" to estimate the source magnitude. There are no observations performed simultaneously with VERITAS: the observation closest to the VERITAS detection of 1ES 1727+502 was performed on May 18, 2013, eleven (ten) days after the last detection by VERITAS (Swift), using B, r', and i' filters. The data are dereddened using E B−V = 0.037, as for UVOT, and the host-galaxy contribution is subtracted following Nilsson et al. (2007) and translated into the relevant filters using Hyvönen et al. (2007) (for the B filter) or Fukugita et al. (1995) (for the remaining SDSS filters). Similar to UVOT, the uncertainty in the dereddening and the host-galaxy color is taken into account and included in the error bars. The three FLWO 48" measurements, corrected for both absorption and host-galaxy contamination, are plotted in Fig. 3. 5. SED MODELING The SED of 1ES 1727+502 is shown in Fig. 3 . Simultaneous observations (with Swift-XRT, Swift-UVOT, and VERITAS) were carried out only during MJD 56419. Given that none of the instruments involved in the campaign detected any significant variability, we make the assumption 13 http://www.sao.arizona.edu/FLWO/48/48.html that the flux was constant during the observations, and we thus consider that the average spectral measurements from the different instruments are representative of the blazar emission. It is possible that the emission was variable, but at a level below instrumental sensitivities. Nonsimultaneous FLWO 48" measurements also cover the infrared-to-optical part of the SED. In this case as well, given the absence of variability in the B filter between Swift-UVOT and FLWO 48" observations, we make the assumption that the FLWO 48" measurements can be considered as representative of the emission from 1ES 1727+502 during the VERITAS observations. Fermi-LAT upper limits calculated from observations performed during the VERITAS campaign (but not strictly simultaneously) are also included, as well as the average spectrum from the long-term analysis. The bow-tie from the MAGIC detection and the archival MWL data from the NED (NASA/IPAC Extragalactic Database) 14 are also included.
In the context of the synchrotron-self-Compton (SSC) model, the two components of the blazar SED are associated respectively with synchrotron emission from leptons (e ± ) and inverse-Compton scattering of the particles off synchrotron radiation from the same lepton population. The emitting region is a spherical blob of plasma (characterized by its radius R) in the relativistic jet, moving towards the observer with Doppler factor δ, and filled with a tangled, homogeneous magnetic field B. The particle population is parametrized by a broken power-law function, and it carries six free parameters: the minimum, maximum, and break Lorentz factors of the particles (γ min , γ max , γ break ), the two indices (α 1 and α 2 ), and the normalization factor K. The minimum Lorentz factor of the leptons can be fixed at a reasonably low value without affecting the modeling. The remaining eight free parameters can be constrained by observations, as discussed, for example, in Bednarek & Protheroe (1997) ; Tavecchio et al. (1998) and Cerruti et al. (2013a) . Table 2 and Section 5). The black model represents the solution which minimizes the χ 2 value. The black dotted line represents the same model without absorption on the EBL, estimated using the template by Franceschini et al. (2008) . The luminosity (y-axis at the right) is computed assuming z = 0.055 and the cosmological values (flat universe, with H 0 = 67.3 km s −1 Mpc −1 and Ωm = 0.315) estimated using the measurements made by the Planck satellite (Planck Collaboration et al. 2014 ).
Given the lack of a simultaneous Fermi-LAT detection, it is impossible to constrain the position and the luminosity of the inverse-Compton peak during the high state, and a unique solution for the SSC model cannot be provided. However, the synchrotron component is very well sampled, and can provide some constraints on the energy distribution of particles in the emitting region. At low energies, the subtraction of the host-galaxy contamination reveals the AGN nonthermal continuum, which can be described by a power law from infrared to UV, with no sign of break. A fit of the FLWO 48" and UVOT data results in an index n 1 = 1.64 ± 0.09. In the case of synchrotron radiation, this index reflects directly the index of the underlying e ± population α 1 = 2n 1 − 1, which is thus equal to 2.28 ± 0.18. Similarly, the index of the X-ray power law below the X-ray break corresponds to α 2 = 3.0 ± 0.2. In the following, α 1 has been fixed to 2.2 and α 2 to 3.2, i.e. a spectral break of 1.0 has been assumed.
In blazar physics, an additional observational constraint comes from the variability timescale τ var and the causality argument: the emitting region size R has to be smaller than cτ var δ/(1 + z). However, for the case of 1ES 1727+502, there is no evidence of variability on short timescales in any of the light curves that can provide an estimation of τ var and thus constrain the emitting region size.
As discussed above, the value of γ min does not affect the modeling and it is therefore held fixed. However, values lower than 10 3 would overestimate archival radio measurements (see Figure 3) , even though, given their nonsimultaneity, these data should not be considered as a strong constraint. An additional constraint on γ min is provided by the Fermi-LAT nondetection, and will be discussed in the next section. In the following we study two different cases, for γ min = 10 3 and 5 × 10 3 . The value of γ max is constrained by the break observed in the X-ray spectrum of 1ES 1727+502. In the following, we express it as a function of γ break : γ max = 22 γ break . The numerical factor corresponds to the ratio between the X-ray break and the synchrotron peak, which is estimated by extrapolating the UV and X-ray spectra.
Once the indices and maximum energy of the particle population have been fixed, the number of free parameters in the SSC model is thus five (δ, B, R, γ break , and K), and, with only four observables (the frequency and flux of the synchrotron peak, the VHE spectral index and the VHE flux at 620 GeV: ν syn−peak ; νF ν;syn−peak ; Γ V ERITAS and νF ν;V ERITAS ), a unique solution cannot be provided. However, assuming a reasonable value of the Doppler factor, it is possible to study the parameter space of the remaining free parameters. The best-fit solution is computed using the numerical algorithm described in Cerruti et al. (2013a) . The parameter space is systematically sampled, producing a set of SSC models and computing for each of them the expected observable values. A fit is then performed in order to express each observable as a function of the free parameters, defining a set of equations which is solved for the particular set of observables of 1ES 1727+502. The uncertainty in the observables is taken into account by iteratively solving the system of equations, producing a family of solutions and determining the allowed range for each free parameter.
For the particular case of 1ES 1727+502, the Doppler factor has been fixed to 30 (a value in line with standard SSC modeling of VHE blazars, see e.g. Tavecchio et al. 2010; Zhang et al. 2014) . For the two VERITAS observables, the systematic uncertainty has been taken into account and summed in quadrature with the statistical error. The system of equations is completed by an inequality relating the variability timescale to R and δ. We considered τ var = 10 days, which corresponds roughly to the interval between the last VERITAS detection on MJD 56419 and the observation during MJD 56430, which indicated that the VHE flare may have ended. All the SSC models that correctly describe the 1ES 1727+502 SED are then recomputed, and plotted in Fig. 3 . The parameter values are listed in Table 2 , together with derived quantities such as the energy densities, the luminosity of the emitting region and the minimum variability timescale. For each solution, the χ 2 with respect to the observational data is calculated in order to find the solution that minimizes the χ 2 .
6. DISCUSSION The VERITAS detection of VHE γ-ray emission from 1ES 1727+502 triggered MWL observations that allowed, for the first time, the study of the SED during a high γ-ray flux state, a factor of five higher than the MAGIC detection. Even though the lack of simultaneous detection by Fermi-LAT does not allow the parameter space to be fully constrained, the available data permit some important conclusions to be drawn regarding the properties of the particle population and the acceleration/cooling mechanisms.
In the presence of synchrotron radiation, a break in the stationary particle population is expected, and it is characterized by ∆α = 1 (see e.g. Inoue & Takahara 1996) . Deviations from ∆α = 1 can, however, occur if the emitting region is inhomogeneous, or if the emission from escaped particles is taken into account (see e.g. Sokolov et al. 2004; Chen et al. 2015) . Interestingly, the measurements of the synchrotron component of 1ES 1727+502 are consistent with a simple break of 1.0, indicating that a single particle population, injected with a power-law distribution with index equal to 2.28 ± 0.18, could explain the blazar emission.
The break energy corresponds to the equality of the escape (or adiabatic) timescale and the synchrotron and inverse-Compton cooling timescales. The former is energy independent (if the escape is advective, and not diffusive), and equal to R/βc, while the cooling timescales are both proportional to 1/γ. Following Tavecchio et al. (1998, equation 30) , it is possible to relate γ break to the model parameters and find the only unknown variable, β ∈ [1/225, 1/70]. This means that the stationary particle population is consistent with an injected power-law particle population cooled by synchrotron and inverse-Compton emission only if the advective escape timescale is ∼ 100R/c. This value is low compared to the ones used by Tavecchio et al. (1998) (β ∈ [0.33, 1] ). For example, assuming β = 1, the break energy would have been at γ break ∼ 10 7 , two orders of magnitude higher than the constraint provided by quasisimultaneous observations. Alternatively, the hypothesis of a power-law population injected and cooled by synchrotron and inverse-Compton processes could be too simplistic, and additional injection/cooling/escape terms could contribute to the final stationary particle population.
It is important to recall that these considerations are valid only for a given value of δ = 30. Lower values of δ would imply higher values of B and then higher values of β. For example, assuming δ ⋆ = 15, the overall normalization is reduced by a factor of 2 4 = 16 and can be compensated by assuming a magnetic field four times stronger, B ⋆ ∼ 1.6 mG. In order to maintain the same ν syn−peak (which is ∝ δBγ 2 break ), γ break has to be reduced by a factor of √ 2. These transformations would affect the inverse-Compton peak as well, and it is not guaranteed that these parameters could reproduce the VHE spectral index. Regardless, using these new values,
, one order of magnitude higher than that computed for δ = 30.
It is possible to extract information on the acceleration mechanism from the value of the index of the particle population. Acceleration by diffusive shocks naturally produces power-law particle populations, with an index close to 2.0. For ultrarelativistic shocks, several authors (see Achterberg et al. 2001 , and references therein) have shown that α 1 is expected to be around 2.2. The quasi-simultaneous multiwavelength (from infrared to UV) observations of 1ES 1727+502 show that α 1 has to be between 2.10 and 2.46, fully consistent with ultrarelativistic shock acceleration.
The maximum particle energy is another important model parameter related to the acceleration. The break observed in X-rays at ≃ 1.2 keV can indeed be related to the high-energy cutoff of the particle population (γ max ), and can thus be used to constrain the maximum energy of the leptons. In the framework of the standard diffusive shock acceleration, the maximum particle energy can be computed assuming that the acceleration timescale equals that for the radiative losses: particles with energy higher than γ max lose energy faster than they can be accelerated. Assuming τ acc = η mcγ/eB = (5.7 × 10 5 s) ηγ/B, where η represents a parameter characteristic of the shock acceleration, it is easy to estimate γ max = 3.7 × 10 9 (ηB mG ) −0.5 , which is consistent with the constrained values of γ max only for η of the order of 10 5 . Such a high value, which implies rather inefficient acceleration, is typical of high-frequency-peaked BL Lac objects (see e.g. Inoue & Takahara 1996) . In this case, solutions computed for lower values of δ cannot significantly lower the value of η. It is easy to show that, using the same values estimated in the discussion on γ break , η would be reduced only by a factor of two.
The minimum particle energy γ min also carries important information on the physics of the emitting region. Both archival radio measurements and the nondetection by Fermi-LAT suggest that γ min has to be at least of the order of 10 3 . The study of the models for two different values of γ min (equal to 1 and 5 × 10 3 ) shows that solutions with lower values of γ min have higher emission in the 0.1-1 GeV energy band. A γ min lower than 10 3 would start conflicting with the Fermi-LAT nondetection (under the assumption that the VERITAS flux is representative of the average flux throughout the whole period used to compute the Fermi-LAT upper limits). Such a high value of γ min is not a surprise for HBLs (see Aliu et al. 2014) . It can be explained, for example, by assuming that the particles are already injected with a truncated-power-law distribution, and they do not have time to cool down completely, or that the particles are somehow reaccelerated inside the blazar region (Katarzyński et al. 2006) .
It is also interesting to note that the one-zone SSC modeling suggests that the blazar GeV spectrum during the high-flux state was harder compared to the average spectrum measured by Fermi-LAT. A harder-when-brighter correlation in the Fermi-LAT band is not common for HBLs (see for example Abdo et al. 2011a,b) , and is more similar, for example, to what is observed during the γ-ray flaring activity of BL Lacertae (Arlen et al. 2013 ).
One of the open questions in blazar physics is related to the energy budget of the emitting region. Is it close to equipartition between particle, photon, and magnetic energy densities (u e , u ph and u B )? The solutions estimated here are all characterized by a very high value of u e /u B , which is of the order of 10 3−4 . On the other hand, the photon energy density (synchrotron emission by primary leptons) is of the same order as the magnetic one. Equipartition is sometimes useful to constrain the parameter space of blazar models, especially when dealing with external photon fields, which increase the number of free parameters. Recently Dermer et al. (2014) presented a general approach to compute blazar models close to equipartition, showing that, within this framework, it is possible to describe the SED of blazars, and in particular FSRQs, correctly fitting the spectral break observed by Fermi-LAT in several low-frequency-peaked blazars (Cerruti et al. 2013b ). On the other hand, it is not clear if a general equipartition approach still holds for HBLs, and indeed several modeling attempts (within a standard one-zone SSC scenario) on the most well studied HBLs result in equipartition factors far from unity (see Abdo et al. 2011a,b; Abramowski et al. 2012) .
It is important to emphasize that the SED of 1ES 1727+502 represents a snapshot of a high-flux state, and that the ratio between the flaring and the archival fluxes is higher in the inverse-Compton component than in the synchrotron one. It is thus possible that the emitting region is only temporarily far from equipartition, and that the low state is indeed characterized by u e /u B closer to one. To test this hypothesis, the constraining algorithm has been rerun assuming νF ν;V ERITAS lower by a factor of five (i.e. consistent with the MAGIC detection). As expected, the equipartition factor is lowered by one order of magnitude, lying between 50 and 1000. Again, solutions computed for lower values of δ, implying a higher value of B, would result in u e /u B much closer to equipartition. In addition, since the particle index α 1 is softer than 2.0, as constrained by optical/UV observations, the value of u e is strongly dependent on γ min . Given that we cannot really constrain the value of γ min , it is possible that the equipartition factor is indeed closer to unity. 7. CONCLUSIONS In this paper we presented the results of a multiwavelength campaign carried out on the BL Lac object 1ES 1727+502 during May 2013, triggered by a VHE high-flux state detected by VERITAS. This represents the first detection of a blazar flare with VERITAS during bright moonlight observations. Within this campaign, no significant variability is detected at VHE, nor at lower energies (X-rays and optical). The VERITAS light curve is consistent with a constant flux (6.3% Crab above 250 GeV, roughly five times the archival MAGIC detection) between May 01, 2013 and May 07, 2013; additional observations during May 18, 2013 indicate (at a 2.4σ level) that the high-flux state may have ended at some point after the last VERITAS detection on May 07.
The quasi-simultaneous SED is fitted by a standard one-zone SSC model. Even though the nondetection by Fermi-LAT did not enable a full study of the parameter space, the measurements are fully consistent with particle acceleration by relativistic diffusive shocks and simple synchrotron and inverse Compton cooling, resulting in a power law with injection index around 2.2 and a spectral break of 1.0.
In recent years the number of VHE blazars has significantly increased thanks to the current generation of Cherenkov telescope arrays such as VERITAS, MAGIC and H.E.S.S.. The broadband emission and the rapid variability of blazars require prompt simultaneous multiwavelength campaigns to fully understand the physics of their emitting region. The new VERITAS observing strategy under bright moonlight will be particularly useful for blazar science, significantly increasing blazar monitoring capabilities at VHE.
Combining data sets taken under various observing conditions is not a new aspect of VHE gamma-ray data analysis. In the case of VERITAS, lookup tables for the analysis are generated from simulations which already assume a wide range of different zenith angles, azimuth angles (and hence geomagnetic field strengths), sky brightness and local atmospheric conditions. The introduction of a new observing mode for VERITAS is therefore not expected to adversely affect the scientific interpretation of the results. Exploring new modes is certainly worthwhile, as the results of this paper demonstrate. Bright moonlight observing time is particularly useful for variable VHE sources, and can also be used to obtain deeper exposures on steady sources, especially for targets with hard VHE spectra which can be detected despite an increased energy threshold. The merging of data taken under multiple observing modes and detector configurations will be an important analysis challenge for future large arrays, such as the Cherenkov Telescope Array (CTA), particularly with regard to deep VHE exposures and extended surveys.
The VERITAS Collaboration is grateful to Trevor Weekes for his seminal contributions and leadership in the field of VHE gamma-ray astrophysics, which made this study possible.
